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Inmulticellularorganisms, cellcell junctions are involved in all aspects
of tissue morphogenesis, including regulation of cell shape and move-
ment. To establish junctions, cytoplasmic proteins that interact with the
actin cytoskeleton must stabilize adhesion molecules. For example,
catenins connect cadherins to the cytoskeleton andmutations in catenin
proteins significantly impact morphogenesis. A previously isolated
hypomorphic allele of the C. elegans α-catenin homolog, hmp-1(fe4),
exhibits 70 lethality and body shape defects (Pettitt et al., 2003, JCB 162,
1522). In continuing efforts to identify regulators of the cadherincatenin
complex, we conducted a genome-wide RNAi screen to identify genes
whose loss of function enhances the hmp-1(fe4) phenotype. We
uncovered MAGI-1, a vertebrate tight junction protein known to interact
with actin-binding proteins (Patrie et al., 2002, JBC 277, 3018390). We
have shown that C. elegans MAGI-1 genetically interacts with hmp-1/α-
catenin and hmp-2/β-catenin, suggesting that MAGI-1 may modulate
cadherincatenin function duringmorphogenesis. MAGI-1 localizes at the
C. elegans apical junction, but is surprisingly basal to the cadherincatenin
complex. In addition,MAGI-1 junction localization isnotdependentonβ-
catenin, in contrast to what has been shown in tissue culture
(Dobrosotskaya et al., 2000, BBRC 270, 90309). We are currently
examining whether MAGI-1 modulates actin dynamics at junctions and
we are trying to identify and characterize proteins that interact with
MAGI-1 to further assess how MAGI-1 functions in a living organism.
doi:10.1016/j.ydbio.2009.05.248
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Before theonsetof gastrulation in thechickblastoderm, lateral epiblast
cellsmove toposteriormid-lineof the epiblast coincidentwith ananterior
movement of the posterior epiblast. This cellularmovement that occurs in
the epithelial-epiblast was described as Polonaise movement (Graper,
1929), however cellular and molecular mechanisms regulating the
Polonaisemovement remainuncertain.Usingexplants andwhole embryo
culture models of chick blastoderm, we investigated the signaling
regulating the Polonaise movement before the formation of the primitive
streak. In situ hybridization showed that Nodal was expressed in the
posterior epiblast and FGF8 in the developing hypoblast at early blastula
stages. In cultured explants that were obtained from the posterior
blastoderm, either Lefty1, SB431542 (ALK4 antagonist) or siRNA to Nodal
inhibited the initial migration of explants at 10 and 20h in culture, during
which explants developed to late blastula and early gastrula, respectively.
Perturbation of Nodal signaling also affected a movement of DiI marked
epiblast cells in cultured blastoderm. Cultured blastoderm treated with
Nodal antagonist failed to form primitive streak as well as expression of
Brachyury. Inhibition of FGF signaling did not affect the initialmigration of
the cultured explants but affected after 30 to 40h in culture. Results
suggest that Nodal signaling may play an important role in cellular
movement (Polonaisemovement) that occurs in the epithelial-epiblast of
the pre-streak blastoderm.
doi:10.1016/j.ydbio.2009.05.249
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Embryonic cell movement is essential for morphogenesis and the
establishment of body shapes. Zebrafish embryos undergo a process
termed epiboly in which cells move from the animal pole to envelop the
yolk. We have cloned the cholesterol trafficking protein, npc1, from the
zebrafish embryo. At early cleavage stages, npc1 is found ubiquitously in
all blastomeres, before becoming restricted to the yolk syncytial layer
during epiboly. Later, npc1 is widely expressed in the developing brain, as
with mammalian Npc1. Mutations in NPC1 lead to the disease
NiemannPick type C in humans. In order to disrupt npc1 we developed
2 anti-sensemorpholinos (MOs) targeted to either the start site or a splice
site within npc1. Injection of MOs into the 12 cell zebrafish embryo
resulted in a dose-dependent delay in epiboly. This delay is accompanied
by the accumulation of cholesterol within cells, suggesting that inhibition
of zebrafish npc1 results in abnormal cholesterol trafficking. Zebrafish
injected with npc1 MO display a disorganized actin cytoskeleton and the
actin ring on the leading edge of epiboly is missing. There are additional
defects in convergence and extensionmovements, although anteriorpos-
terior patterning occurs normally. Cellswith accumulated cholesterol also
appear to be morphologically blebbing, suggesting that they are under-
going apoptosis. The data presented here extends our understanding
about the role of cholesterol during cellmovements in early development.
doi:10.1016/j.ydbio.2009.05.250
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The ascidian oral siphon is homologous by both molecular and
functional criteria to the vertebrate mouth. It develops from a larval oral
siphonprimordium(OSP) in the formof adorsal placode-like invagination
just anterior to the larval neural tube. A so-called neurohypophyseal duct
(ND) has been shown to connect the OSP with the lumen of the neural
tube at late larval stages, but the OSP was thought to form independently
of the neural tubewith theND forming later. Hereweuse a stable Etr1GFP
transgene and probes for nuclei and actin to image neural tube closure in
fixed and live Ciona savignyi. In contrast with the previousmodel, we find
that theOSPmaintains topological continuitywith theneural tube from its
beginning, with a connection to the gut endoderm forming considerably
later.We show that although a placode-like intermediate stage is present,
the OSP develops from the anterior neuropore. Despite this unexpected
role for the neuropore in Ciona, there are striking similarities between
mouth formation in ascidians and vertebrates, with the stomodeum
forming between an anterior, adhesive, columnar mucosecretory organ
(i.e., the adhesivepalps inCiona and the cement gland inXenopus) and the
hollow,dorsal neural tube. These results suggest anewmodel inwhich the
tubular topologyof the chordateCNS isderived from its coevolutionwitha
preexisting deuterostome mouth.
doi:10.1016/j.ydbio.2009.05.251
Program/Abstract # 229
Conserved and divergent mechanisms of patterning and
regeneration in vertebrate appendages
Randall Dahn
The Mount Desert Island Biological Laboratory, Salisbury Cove, Maine, USA
Abstracts / Developmental Biology 331 (2009) 442–455 453
Studies in tetrapod and teleost fish model systems have yielded
detailed insight into the molecular basis of limb/fin bud outgrowth
and polarity, but we have relatively little understanding of how
skeletal patterning and regeneration are directly controlled. I approach
this problem by exploiting the natural diversity of vertebrate fin and
limb morphologies and regenerative strategies. Through comparative
analyses of non-model organisms drawn from all major vertebrate
groups cartilaginous fishes, ray-finned fishes, and tetrapods I have
identified two mechanisms of appendage morphogenesis primitive to
vertebrates: the conserved role of Sonic hedgehog (Shh) in anteropos-
terior patterning, and the ability to regenerate the adult endoskeleton.
However, taxon-specific differences were observed in both the
regulation of Shh signaling and the mechanism of appendage
regeneration. These differences may have important implications for
understanding how evolution generates lineage-specific variation,
such as the loss of humans' ability to regenerate limbs.
doi:10.1016/j.ydbio.2009.05.252
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The ability of epidermal cells to form elaborately shaped actin-based
protrusions is vital to many cellular functions such as hearing and
mechanosensation, but it is unknown how protrusions are shaped.
Certain Drosophila embryonic epidermal cells construct actin-based
protrusions, called denticles, which exhibit stereotyped, row-specific
differences in size, density, and hook orientation. This precise denticle
pattern is conserved throughout all drosophilids yet studied, and
screening for mutations that affect this pattern has been used as a
powerful approach to identify genes involved in developmental decisions
and signaling pathways. However, how row-specific differences are
specified and the mechanism(s) involved have remained elusive. Here,
we link developmental patterning signals to themorphogenetic event of
denticle shaping via the transcription factor stripe and the spectraplakin
shortstop (shot). First, we demonstrate that stripe is required, non-
autonomously, for the unique anterior hook orientation observed in the
row one and four denticles. Secondly, we show that stripe specifies
anterior denticle hooking via upregulation of shot. Spectraplakins are
extremely large cytoskeletal proteins, generally thought to function by
linking cytoskeletal elements to one another or the membrane.
Consistentwith this, the interaction of shotwithmicrotubules is required
for proper denticle hooking, revealing novel roles for spectraplakins and
the microtubule cytoskeleton in the shaping of actin-based protrusions.
doi:10.1016/j.ydbio.2009.05.253
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Branching is a key morphological feature in the development of
many anatomical structures in mammalian embryos. Genes that
control the normal branching morphogenesis of these structures also
have been implicated in neoplastic disease. Branching during
development occurs in structures such as the lung, kidney, prostate
gland, mammary gland, submandibular glands, placenta and blood
vessels. We are interested in understanding the similarities and
differences in the genetic programs involved in normal branching
morphogenesis. We are actively extending the Gene Ontology (GO)
resource to include processes of branching morphogenesis in
mammals. We are linking genes with these processes by capturing
information from the primary scientific literature. We present an
analysis of the similarities and differences of the genetic programs
that influence different types of branching morphogenesis processes
in the mouse. This analysis is the first step in understanding the
evolution of branching morphogenesis within an organism and
between organisms, and how this morphogenetic process may
undergo perturbation that results in malignancy.
The Gene Ontology project is funded by NHGRI grant HG002273.
doi:10.1016/j.ydbio.2009.05.254
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Retinoic acid (RA), a derivative of vitamin A, signals through the
binding to RAR and RXR receptors. During mouse limb development
RA functions as a proximalizing factor in the limb bud and, at later
stages, as a cell death inducer in the interdigital regions. We have
determined that RA is the persistent cell death-inducing signal acting
on distal mesenchymal cells of the developing limb. This death-
inducing activity of RA is counteracted by the survival activity of Fgf8
during limb/digit growth. Crosstalk between RA and Fgf8 involves
the transcriptional regulation of genes involved in signaling. In order
to find an interaction between these two molecules at the level of the
cell death machinery, we studied the regulation of Bcl2 family
members. Using a bioinformatics approach, we found that the
promoter of the proapoptotic Bax gene contains several putative
binding sites for RAR nuclear receptors. In agreement with a
transcriptional regulation, RA up-regulated the Bax expression in
the whole distal region of mouse limbs. Pharmacological inhibition of
RARa, RARb and RARg suggests that RARg is the main receptor
responsible of the RA-inducing death activity. The role of Fgf8 and
antiapoptotic Bcl2 family members in counteracting the Bax activity
in growing limb regions will be presented.
This work was supported by DGAPA-UNAM (IN218607).
doi:10.1016/j.ydbio.2009.05.255
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Abstract #233 will be presented as scheduled, but will not be
published due to lack of license agreement between authors and
publisher.
doi:10.1016/j.ydbio.2009.05.256
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